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NASA’s Ncw Millennium PJOgIaIII  (Nhl 1’ I I, o space f-li@)t tcclInoloyy dcmmsttation  pmgmm
Ihal will validate the tcchno]ogics  nccdm! IL) CII q [)ut tlIc science II)issiolls  [hat NASA cnvisicms  for
the 21 St ccnlul”y. ‘1’hc NMP is CIIIplt))IiII:  :111 ll~novativc decision- ]I]:ikin$, process to select (he
specific technologies that will bc flij’,lil \;\l I[lll[c(i 1 imt it has ai(icula[d  NASA’s vision of earth
ancl space scicncc  cxplomtion  foI (I)c II( \l {’ll}tll  I j’, dICII it has dcfitlcd tile capabilities nccclcd to
cxccLItc  that vision, and finally it w~ll Wlc< I :11(1 dc)n(mstratr lc\wlutiolmty  tcchno]ogics  that
provide  those capabilities. ‘1’his pa])cl  \\’ii] (ii WI w t}”Ic  IIivcstlllcn(  Jircdcd to ]ay  the tcchno]ogica]
gmun(lwol’k for t-utlllc  l o w - c o s t , l)i:lll)  (:;IIMIII(.  missions, the ca]ml)ilities  required for these
missions, and Ihe t}mc-phase pI OLWM t II;II (1 IC NN4P has devised t t)t ough which high pay-off
technologies arc selected by the p] (qI,I al I I f( II I Ii{’ t 1( validation. It will show lIow a broad suite of
rcvo]uticmaf’y technologies, I“C!COJ”IIII  IcIIdc”L{  ill ,111 il iitia] ~dmw by ils lnlr{:t  atcd ]’loduct  ])cvc]opmcnt
Teams, will be narrowed down to d fIIIiIl I,q~l Im I mix b) subjcclin~,  thcm to a rigorous sdcction
clitcrion,  :ind cvmtual]y acccptd  and dflii  LIL{I ii)t test flight. ~’Ill”Ollp,h thiS J)I’OCCSS,  thC NM]’ Wi]l
ensure that technologies chosen \4ill II LIIJ (’l I< I1)IL its scicllce.-drivcn vision of space exploration in
the new millennium.

IN’1’RODUC’1’ION

Technology IIlvestmmt:
NASA lms taken a bolcl and far- si[’,t )[td SIL’I I I I ) s! I Iously  invest in rcvolutional  y technology for the
future with its Ncw Millcnniul)l  1’IojI,Ia II (Pihl l’). 1 n t oday ’s fiscal environment, where
govcmmcnt  funds arc so constrained, aII(l t I I( p( II i(ical and public focus is on curbing govcmmcnt
spending, it is difficult to conviilcc tll( ;Juti I ciians  of the Ile.asul  y to invest in builcling  a
tCChlK)]O~iCd  illfl:lSt~LICtL1 l’C fO1’ tl”lC L’OL)l  1(1 }’ S \]):lI  1’ ~M”O/,1”:1111 th:it I My IIot ]My Off Ullti] tCl) tO fiftCCIl
years in the fu(urc. “1’his situation is fLII II 11.- I UOI I Iplicatcd  in tlmt tlIc societal benefits in tcms of
]ctum on investment for a tcchnoloj’,)  ;III. <’xtI~’Incls difficlllt to evaluate. III general, one can
estimate the dative value of onc (c(IIIII.)1 I): Y t 1}1 coi I q)aI illg,  it to almthcr, ])ar(iculady in a very
closely mlatcd discipline. But COIII]mI  iil[’ I I I( va I (w of”, say, onc mmputm  tcchno]ogy  to another is
a much easier task than conqxu iI 111, il to (lit \ ;tlue of a wclfaIc ]Hop,Iam,  or a similar  s o c i a l
investment.

I’hc fut(llc well-being of tllc  Lt).11111 y lies t)otil ill ttm stlcl)f!,th of its industrial and
tc.chnolo~ical  inf’mstl”uctute  and ill t}I[’ SIICI IjI(l  I 0’ its social pm,gams, and tlmc  is a need to invest
wisely in both. But the balance to [Jc I (a 1)1.d III (iccidillg  IIow niucl) money to spend on each is
always difficult. While both arc. t{) IIU C{)l)si(i(’wt  I as ill\’cst  mcnt< in tlIc future, wc am more aware
of and affcctcd t)y the sho]tcominj’s  (.)( III( C(~LII I I Iy’s social pmgI aIIIS ill m CVcIyday  Iivcs. ‘J’hc
dcficicncics i n  the. cmntry’s  tcclllml{)j’ic(il  it)l I ;IStl-UdlllC,  howevcl, ale only a] )parcnt on an
intcmationa] Icvc.1, when wc have to ct)IIIj), (( \\ ’i: II otlm coun[l-ics it] tllc p,lobal economic market.

‘1’hc puqmsc of the New Millrl)r  li~)l I) i’11 1~’ran I is to [icnmwt t iit~ and validate revolutionary
tcchnolo~ies,  in a series of flights tt)at  VIII 1). 1:11 lr)chcd attnual])r  stal [ir)s in 1998, to enable a new
era in space flip,l)t. These tcchmll~)p,its iIIt- r> 1 )(xtcd to lay tl IC :,1 oundwolk and help build the
tcchnolog,ic:tl  in frastmcture  for NAS A‘s SIMLC I >.plo] ation and MI’(II observation  missions in the
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21 S( ccntmy. ‘1’IIc  vision a~liculatcd b} N M l‘ ii one of ftcqmml lautlc]lcs of space.mafl that arc
considcrahl  y mm capabk  and ICSS  CXIXI  IS I i’( thII those of today.

III ad(iition  to t h e  valm of :1 I IL\iI [c( lIm)loyj  bcitlg ]Mtd to nmasule,  the  va lue  of
dcmmstmt  ing a space tcchnolq,y  tilt olI/1,11 1 I i}’!)t i’alidalioll  is l)i~,lll  y dclmtccl  issue as well. While
it may be the most expensive way IU ~(’~t : tI.uII?IolojT,y  tc) CIISUIC  tlIat it works ancl is ready to be
incoqmat  cd into science missions, I( is :IISI. I t’ IL mosl uoll)])l{’l-lcl)si~’c and thorough means of
testing the. tcc.bnology’s  state of (icvcl(I])II)L~)l aII. i lcvci of” ma(iiness. On the other han(i, many
fcatlltcso  ftllcl)cwt cc}lllologicsl  ll:~yl)~ :i.icl:!ll[llly (lclll()l)slt;itt: {i:lll[itcs (c(ioll  tllcgrollll(l,  both
functionally and cllvilolllllcl~tally,  so lII(L ,o~t I$JILIC o f  the S]XKW fiif,ht dcmonstmtim is often
difficult loasscss,

With OthLY tccllllology-~’:lli  (lilti~)ll  ])lo;’l[illl$,  tcchllo]og,ies  :\l’C sclcckxi for flight-validation
bycva]ll:itillg  t]lctcc]lllo]ogy’s  st:it(’  ~) f(ict’(:ioi)ll  )( ’llt, ; m(i consi(lcrin~ wlIcthcl or not space flight
vali(iaticm  is nccdeci to fur[hc] it alonj’  itk (11.v~i(qmmt  path. ‘J’hc (iccision for selection of a
tccllllolc)g,y  isoftc]l lll:l(lcwitllollt  acica[ llti[i~,lst(lll(lil-l~,  of that tcclmolop,y  ’s dcvancc  fcw mission
application, and the process  seems It) IN. L)IIC of .I solu[ion lookillp, fol a problem. With the Ncw
Mi]hmniun)  l’ro~,ram, t h i s  s i t u a t i o n  i s  tlcitl~’  alt)ldc(i  in thc followil~r, IIMI)IICI:  WC havC filst
articulalc(i  our vision for missions ioI II)LY 71\ I ctIItLuy,  them spcciflc(i tlIc capabilities ncccicd to
cxccu[cthal  vision, and finally arc. sclc(lilly, K’clil)o]og,ics  that will provi(ic thccapabilitics and, in
turII, mablc mu scicncc  v i s i o n<  iI) IIlis w:Is, tlm tcchlmlo~ies  wc select arc a solution to the
problem.  IIlot}lcr  wor(is,  ti]cyatcj)  lol)l(’lti  (il”iv~]ltcct]llolog,ics.”  Sowllilc  tl)c NMI’iscol~si(lcrccl
a tcchnolo:,y  program,  it is in reality  ii scIct IcI. tcillll{)lc)p,y  -l)cc(is.  (iti\’cl)l)  I{)p,l:illl. Sccliigurc  1.
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Science  Visio]i for the 21st (~rllllll~
"l`l)cs  cicl~ccv  isi()l~f ortl)c21s  tcci)l,lllj,il\  ill{i~l llil[c(it)yt  llc Nh4l', focusc.son NASA’ sliarthan(i
Space Scimcc Program ncc(is. III Illis (OIIII;XI. tilcsc cal(iinai  poitlts ate i(ic.lltific(i:
●  Aflcctof  ill(iivi(illal  sJ>acccl  aftl~)(`>,  [~'ll(i()lll  Iiillg,c  t)ft:ll’g,cts
●  [~ollstcli:lli(  )l)stos tll(iyc  iyll:il))ius  y\lf:lll\:lri(l  i)lc)\’i(lc~  ’,lol):ilcc  )\’ct2ip,c

Omscicncc  vision inc]u(ics  s(]l(li]lj~,  IIclvorks ol’lan(icrs to Mars ami Venus, clusters  of
probes  mappinp,  pianetary  ionosplmc.s  iIII(I II Ia~ I I(tosl)llct  cs , :imi spacccraf[  returning sample from
astc.roi(is  ami comets. Also, wc scc f“IL~’I. 01” s~mcctaf[ cx])lorinp, a (iivc]sity of targets such as



]’]uIo, the hC]io]XlllSC,  and bcyo]l(i (’(tlslc]i,ltio]]s aIId nc(\voIks  of spacecraft will a(ldrcss
(lyllamic alldcomplcx Systems. 1;01 (’xlill] ’1(”, a ‘.illf,lL’  lall(le.t  call  tc.11 you d)[)ll[ the Weather at Onc
S])0[ ()]1 ii @lct, but to C}lar:lC(CliY(’  ltl,’ li)]lal:lic clitnalc of it ~)lal)ct, :i ]K’twolk  Of lanclcrs i s
IICC(IC(l. Similarly, a sillglc s(ist)l~)lll([lr ~l,il] i{)(]ic:~tc a  ])laII(I(]LIakc, but a ]~Ctw~rk of
scismomctcJ3  M) usc planctquakcs  [() II ILi I\LIIL {Im size of a ]daIKhIIy core. Wc JICCd  mdtiplc
Sp:lCCCJ’af( 1[) go bcyoJd OLIJ’ iJli[ia]  lC(soll[liii\’>:il)~  (’ tOCOJ])])]CtC]~  cl”l:ilac(cli~c  dynamic systems the
Way wcatC~\b]ct  o~Ilt])CsL llfaCC(li  Iti(’ ].i:llll

An cxamp]c of a ]ligh-pJiol  it y II IIWOI I I(I  cxp]OIc lIIC  ut)ivcrse is :i free-ffying iJltcrfc.romctcr
C()llStCll:lti()  JICii]):lb]C OfllllagiJlp,  C~(lil\()]ill  IIl:mits(sccl  iglll”c  ;)---alt:ic]le(]). Sucha coJ)stcl]atioJl
cotll[l  (lctccll  lal’[ll-likc] )l:lJlc.ts:itl(l  l)lo~idc  il)lolllli!tioll”  t])at wollld clarify the origiJl ad cvoluticm
of planetary systcJns jn gCJICJal.

l]ascdoJl :iwj(lcly  sl)acc(l col)sttll: ili(~ll(l!” II) ICC (M l~lolcs]]:lccc[;ift  wjthprccision  formation
control, this mission would rc(luil(:  )~ttxisloll  ])lintiJl~,  and c(mlrol  of a constcllatioJl,  nam3mctcJ-
scalc illlcls~)~tccc]:tft  metrology, aII(i a(~uIalL  sl:ltioJ)k  cc])iIl~. QLlicl spacecraft stmcturcs, low-
thJ’US[  pt’()])U]Sj()l),  aJl(] ]OW-lllaSS,  hlp,]l(ltl:~il[~  II])tics arc also J) C(X]CXI  C21J)abi]itiCS k) iJ@ClllCJlt  a
free-flying, jl~tclfclol~lctcr.

coJ)Ict-S:IIII]  )lCrctLIIII  nlissiotl~ iIls(I  jOIIIl a c: I{cgory of lligtv]]liority  Jnissi(ms focused OJI
OLII so]a I ”  syslcms  and groll]d  Wll])ill lIIL l.lt)ifyinl’,  tl)cJIIc of ‘L~)LII’  ]’lanctary Ncighbms.”
~tl:ll':lctcl`i?:lti(  )JIC)ft hc])l'illlitivcJl  l{ttt`l'i~+]s  C)i W/liChCollK’[S  aJc cOIII])OSC(]”  Wjll dd ]ight OJI thC
ori~:il~  and evolution of the solaJ syst(jll, ‘llK unvi~iol]c(l nliwioll  ill)])lcl)lcJltfitioll  includes the
sclcc[ioJl of an appropriate laJl(ii J)2 silt foll(~wjlp at I orl)ital su]vcy, jn-situ study, sclcctioJl  aJd
CO]tCCtiOll  of] OCa]” SaJllJ)]CS, :iJl(lrC(lllll  of wJll]d C’ toIi:ttl  llll~r~OLl{’,ll:  i(li~-i.ct  atlllos~>llclicclltry.

“1’() carry out such a nlissioll, il(l\ ,ilIL’C$,  ill :ILIIOIIOI1)OIIS  O]) L’J’ii(ioJIS,  ]OW-Il)aSS St JUCtLlla]
nlatcJ’ials  and high, spccjfic  jJll])llls( ])loi)tll~i(~rl  w i l l  I)c Icquircd. lli@)-capability,  low-mass
Ol)bOd  COJ1lPUICIS aJl(] JICW aplMOXll(’S  l(.) WI II I])]C  hWd]iJl~  N](] ]W(’SCJ’VdiOJl alC alSO J) CCCiCd
capabi 1 i(ics.

lhwm the V i s ion  to the Capal)ililj  (() Ill{ ‘1’ccllnologiw
]J)cJ"c:isc(]  ca])zil)jlity,  rc(]tlcccl  cost, ~ll)(illl()~  `:\(>(` j“liglitIatc\$’i]]~)c  ac]licvcd  by usiJlg sJnali  ]auJlch
VC])i C]CS that  al”C CJI:Ib]Cd  by llliCJ()\]  );)(’(’cl”; t[[ :Illli lIli(loil)stlll131cJ)ts. It will also bc ncccssary  to
have  sboJlcr  fligbl tiJncs m(l to (lccw-aw tlIC si)t of JI)is\ions ol)cJ’atiolls  staff throLlgh  the LISC of
iIltclligcJl[ flight SYS(CJIIS.

Al;~LL~(ll]l<i~)  lJor Mic]os~){ic(c!~{~~  Ihv{’l(qlllw!lt: Wccmld  Ic(lucc spacecraft mass and
JC(ILICC. costs by l~lilli:itLl]i~,illg  s]mLcLviI  II l.(~ln]l.~t)cr]ts. llowcvcI,  IIlilli:ittllizatioll  aloJlc  would
rc(lllcc  otlrca]):il)jlitics  toobtail~tl)c  sci(tll.c dIIa tcqui]cd to fulfill  out vjsion for the 21st ccJltLwy.
ThlOLl@l thC. iJlfllSjoJl  Of JICW t(dlllo]oj’i(>,” SIII Ii as it] Jlovativr arc}litccturcs  aJd highly capable
Jnicrodcviccs,  wccall(lcvc]o]) J)cvrco!l(’(])t’ \lll;  lt \','ill:ict  L):ll]y illrlcasc(  )~lt'c:ll):ibi]  iticsbcyoIl(i  what
isc LlrrcJltly possible, wllilcsi  J)lllll:it  lc(}ll\l}  rc(lw inS, ollllllissioJ)” costs.

s]WXmfi__M.ass  l)ccJ’cas$ l{(~”m)w  (1 thr iJllpol[alm  of bJitlging (lOWJI s p a c e c r a f t
WCj@t tht’OLlgh  t])c Ncw MillcJll)JLllll  l’1()~ll  ,1111,  ,‘i lhar[ illustrating tmw spacecraft Jnass has evolved
ovcJ” tilllC  was dcvc]o]>cd,  ShOWjll~’  t])(’  )Ii’t(ll  )(’,1] illCl”(’aW’ of spacccvaft  tnass during the 1960s,
] 970S ald ] 980S, aJl(] thC Statl  of (](:(’1  (’il\it)/’  !,] );1 (’(”1’:lft  II);ISS ill t]lC. ][\tC ] ‘~80S aJl(] Cady ] 990S (SCC
l~igure  3---attached). Proicctiolls  i“OI 1)11 I LItiI I L clcar]y show a I apid (lcmcasc in mass, maclc
possible by a dJamatic rc(lu~tioJl  jll t]k size oi di; ilal clr.ct  I onics, and ;I. concuJrcJlt jtlcJcasc iJl their
capability.

c,i~)t!lllC.Micros})agccraf[  ]‘1 i y] It Air] I )J I irs NcL\ ct)i]l  tcchtlolo~~ics”  allowiJ~g  thrcc-
diJllCJISiOJ)a]  ShCkill~ of JlliCl”OCh.:(’il  OIli C” :IIc’ L.xal II])l(s of cJncl {!it)g tcchno]ogics  that can
sigJ)ificantly JcdNcc the mass an(i sizl’  oi sj w. LI af[ SUI )sys[cJIIs. ‘1’his JICW approach rcduccs
nmltiplc cards of clcctmnics  to sit]gl(’  - Llli 1) s[aI ks all(l (’iLtl bc applid  to some of the massive
Spaccclaf(  sLlbsystcJns  jncluclinpj  01)1) ();11 d (.’( II I 1] lL](it][I,  power , liJKi tclccoI)ltlltlJ)ic:itioIls  SyStCJIM.

“1’hesc novc] stackiJlg  and il)tct(’olltl(:(”l~’(1  I(;]mo]ogics  cnab]e.  t)cw jntcgratcd  coJnputing
archi[ccltl Jcs aJd automated (icsi$tl  l])clitlo,iol~)p,ics,” ]) JOJlliSiJ1/,  J’L:{]LICC(I  (iCSi~J)  COstS. 11)
coJllparism  tothc h4ars ]’athfindcd flipllt (“ III II I) L) It’1, this (cchnology”  rlduccs the miss and volume
bya factorof ]()(), wit}) a20-fol(l J((ill Ltit~tl ill I)(tvhcr, whi Ic mhancil){l,  the oJ’lboard  capabi]it y.



]IIS[!LULCI]l  M illidlwinti(nl: S]11;111  \]Jil(’~C’l~fl  rcqui[c.  Slllall(’1  illS(lLllllClltS. orders o f

magnilu(lc Ic(luction  in ins[rumcnt H I:I\s Oi 11. I \ 01 I I IIIC atc aliticipatd [ht  ougl I the infusion of new
lllillitltllli7:ltiC)ll  tcchno]ogics. A  typIL,Il il)sl~ u)ili’nt  dc])l{)ycd duriil~: tl]c “flagshi])” CM is the
Micmwavc.  1.imb Sounder carried 1))1 II N I I 1 q )LI ,Alm(M]dIcre  RCSNWLII  Satellite, launched in 1991
(see IJigurc 4---ntlachcd).  At 250 ky. II [OWCI \ owl  [IIC lImXIII itl the pidurc.  in contrast, the
Planetary lntcgralc(l  ~amcra Spcctt (N I irt (1. i I[wrp(mtt  il~~, multi]  dcxcd  forcoptics,  low-mass
COlllpOSitC  SttLICtlllCS, :111(] dVal)CC(]  f“(l(’; l] ]l]iil  IL’ It ‘C”hllO]Ogi(’S, has a lll:iss of only 5 kg.

ll]ncrgins,  lllicroclccttol-)  )c(:l); llli(;il  s) ~(( I ) is (A41 MS) Lccl]IK)lo:y  p r o m i s e s  orders of
mag,nit  u(lc reductions in the six (.)1 :1 fat I(I y , )1’ ill~lrulncnts fo r  s]mcc cxploratim and }lartb
observation. IJollowing in tbc  foot\ (c] Ii 011 Itl( ;)ll .mclcc[t onics  ICvollllion, this technology extends
on-chip capability beyond clectlo)]ics (() In,lLNl~’  mcchallic.zil  atl(l oj)tical capabilitim. MIiMS
technology enables new classes 01 n Ii(l IJi: I\l I LII I I(:nts tl]a( make in- sill] mcasurcme~lts a practical
alternative to costly samp]c  return i<)l a Yin irtj oj ;f.t)al ylic 1 nca$wclnclIts  of planetary surPdccs and
atmospbcrcs,  as well as small-body il~\’(’s[i)’:il  I(MIs.

I;u[urc instruments illCOI’j);)l’ill  illj’ All h4~, pctlni([inp, o]]-chi}) integration of sensors and
electronics, will ]cduce some instt-ll~]]t’]]l~  ttl ]iwrt /I,raI)Is  ill wci@lt. A concept for a complete frcc-
flyi]~g magnetometer with onboar(i pomlt,  (1.liii  I IJ occssillr,, and Iclccollllllllllicatiolls,  sees a mass
of only a 1()() grams. ‘1’110 rcaliy,alioll  01 sm.] I “s[ UICCCI afl - on-a- cl)ip”  concepts will enable  swarms
of frc.c-flyers capable of mappin~,  c(m I])lL.x ;It I(I (1\ ]mnlic systems in s])acc.

]ntcgratc(l  microsensor packa~c~  a (’ als ) small rImI~, }I to Iw (lcployed as nc~works of
microlm(lcrs  and orbiters offcril]j!, {1,1()1 )ii I I)I;II 1( ’taIy  covcragc. 1’01 cxalnple,  a network of
lllicl(~scisll)olllctc.ls  can provide i)llol IIlilli(  m 011 II,khil scisl]mmll  y all(l  could map the interior
strLlctLlrc of pkmcts. Similar] y, nc( tvo] k~ 01 I I Iicl I )l]lctcor(~log,ical”  scnso]s  such as pressure sensors
and hygrometers can be used to iav(:st  l~,:lt(’  I )I;illcl  ill y clilna(c and co]]~l)lcx atmospheric dynamics.

Capabilities
Once having idcmtific(l,  in the broadcsl  s(] IS(, tl IL tc(llll(~l[~~ics  ncc.dcd  to carry out 21 St c e n t u r y
space missions, it becomes ncccssary  [o y I (ILI] I II II ‘II) i]]to  [’cr(ain  kc.y a!”cas and begin their focused
dcvclopl~lc]~t.  ‘1’c) t h i s  c]~d,  l~]tcgi  ii[((l )’I ( KILICI I JCVCIOpt  IIC])t “1 ‘ca]]Is (11’IJ’I’s)  haVC bcc)~ fo~[~lc(l
within the NM]’. ‘1’hc integrated lM(XILIL’I (1 vc Iopmrl]t  tcanl concc])t  is one that IIas been USC(I
highly successfully within private lll(lu~ll  ) , ;ITI(I ~Lwolvcs  aroua(l f(m I mtion  of a team with cross-
clcparlmc]ltal  rcprcscntntion  within d COI I II I; IIIy. } (} I c~iil~~])]~,  tiuton)oti\’c companies bavc  broLlght
together lmmbcls  from their dcsiy tI, sal L’s ll)L~llill’ac(Lllill/,, and stratcl!,ic  planning departments to
wmk together making concurrc.nt  dl:cisit)]  IS 1(! de 1 II)c. atl(l  ]I]anufact  art:  a final procluct.

‘1’bough such cross-sccliona]  rc]mscnl:{t  iol I t). I\ ]IL)I trd(liti(mall  y t)cc.11 used to clcvclop  a product---
design and sales departments, fol il]st:ltl~”~’, t ];llr widely di ffcl 11][’, vic\vs of wl]at a customer wants
and how much hc’s willing to pay -ca(.tl  ~lcjmt [IImt’s  ill(livi(lual  il~pul  is vital for Ihc success of
the product  in the marketplace, an(l 11’1 )’1’s ])} ol I(ic tl]c n )cchanism fol ~,ctting  the best input and
cxpcrtisc  simultaneously to inflmlrc  1 IOU :! p] ~ Kluct is (lcvc]oj)cd. ‘J hose companies that have
USC(1 11’11’1’s to manufiacturc  l~~’- cost, ]c’lii!l)l(’, ,ft d tl]ils Ilig,llly (Icsil iil)lC  procluets fin(i lhat t h e i r
competitive. cdgc in the market is illcr(.;lwd II I( I t t ILy al c al )Ic to operate very cffc.ctivcly.

Onc objcdivc of the NM1’ has lXU]I I( ) i III] )Io\ i’ the w(~rkin~  1~.l:i(iollsllil]s  amm~,  government,
industry, and academia in lhc clcvclop])](’llt  ;I1 It] al l])licatioll  of tccllnolof,y; it is using the concept of
lPIYJ’s in a similar manner  as privalr  ]f)(lus~t ~. 1).11 to brill~  tog,dhcr  rcjmscntativcs from different
Sect 01’s of t hc coLll)t ry . Just aS ])li\rii(~ II I(IIISI I)’ ISCS 11’1)’1’s to inuca~c  its competitive edge in its
particular area of the market, this (’011[)[)’) C(II usc N A S A ’ s  Nhll”s  ll’l YI’s to incrcasc i t s
competitive edge in the area of ~,lolml SIUK.( c l.])1{ ~t a[ioll.

]n implement in~, this concept, 11’11’1’s I’( I [II( Nh41’ were fo]mc(i around six kcy areas of
tcchnolog,y:

1 ) Awmomy

.4



2) h4icl(Jc1ccttollics
3) ‘I’clccoj~~llllll~ic:  ttiolls”
4)]l)S[llllllCllt ”l’CC}lllC)]O:, iCS;lll([  t) Tlllll L’(’i,l!CS

4) in-Situ instruments and Mi(lol ,l(:ll{}hi~cll:ll]ici(l  Systems (N4
5) MAMS

iMS)

‘1’hcsctcat]]s  wclcthcntaskc(i  to illci~(il)  ,1 l]roI[l  s(li(c of rcvolutio]l:ir)l  tcchnolo~ics  and select
ccr[ain  hi~,ll-priori[y  can(li(iatcs  in IIlc il~iliill l)lm(  of tccl)no]ogy sclcc>ti&;  to develop a ma(hnap
for each of those technologies; to l)lil]~’,  1111. ]II!wrs fIOII~ ill(lllstry, #o\~clnlncnt,  and acaclcmia
togcthcrwi[hin  the teams; [0 spawII  ~uliltc ]J;ir[llrslli])s  will] in(luslly; and iinal]y to deliver the
tcchno]ogics  for flight validation.

‘1’hc 11’1)”1’S  were formed in ALIp,LIsL/S[j}IuIIIll,I 1995 aIId have twcu~ workins,  with great  succcss
m-x since. ]nitia], slar[Llpissucs  SLK”tI :I\ ln,ll~t~(lship, f}cqucncy oj lncctings,  and so on w e r e
wolkcd  out by [hctcams  thcmsclvcs  \vill]  1~[(1( (11~.ctiol]  ~to]n thr I>]()~!,Ian~  olficc.  ‘1’hc teams arc
self-govcrnillg and have pmvc(l  lli;!,h]y  (’i’t(x’ttv(  it) callyilip,  out thcil char{!c. Iiach IPIYI’ has a
rcprcscmt~ttivc  within each of NM1”  S tlli~.iit,~n I’ligl][  ‘1’cams fo~ tltosc tcclmologics  w h i c h  arc
sclcctc(i[  (>l>cv:ili(l;ilcdo]]  agivcn  jlifllll, ‘Jl]i\, all.mg,clllc]il  is sllowll sctlcn]a(ical]y  in IJigurc 5---
attached)

lJl]likc ll'lYl`s iil]>rivatc ill(lllstry,  vll(lrtll{lt lsllocol~ta([al~  loll~,(lifltilcllt  teams, a working ru]c
of the NM P1l’l Yl’s is that thcrcbc  in(cla(”(iwl :iIIImg,tlIc tcall]s. ‘1’hou~,]l II]C 1} ’1)3’s in NMP focus
primarily on their own scope of tl.~l)llol,~jli[s [I]cy also intc~act  with cad other where their
tccl]l~ologicsa  rcil~tcr(lc]~cll(  lcllt. I;()] c~atl)l,)l{,  III( s(Jft\v:llcc O1lccj>ts\~/llicll  arcdcvclopccl  by the
autonomy team must bc in@m~l’tltr(i at~(l CX(,. I](c(I (Ml the lmdwaIc  which comes from the
]Ilicl[)clcc[tollics team, ~ross-f(’l[ili/:l[il~l  :IIIN~!]S  tca~n\ is fwilitatcd thr(mgh  workshops and
lozi(ll)l:l]>}>iilg.

At ttlcl>lOg,l:ill~lcv  c.l,tl~crcarct\v(~  annual ii’otk~l)ops.” ‘1’llcNhlf’Ai~i]ll:ll  ‘I’ccl~llologyW orkshoI>
isconductc(l each spring for all intc[cs[~’cl  l~l~lllt).lsoj’tl)c  f,ovc.rjimcnt,  industry, and acaclcmia.  At
the workshop, tllc. ovcral]  proglanl  ])lail is (i~\cII~\cd,  as arc the vali(iation flights, flight results,
and plans for the future direction of [II( ])tojI]allI lMI 1} ’1)’1’ prcscn(s  the latest version of its
roa(imap,  and its fright plans an(ifliyilt  J~.s[Il[~  10 LIatc. ‘1’llis workshop has a large attcn(iance,  with
participants from the NMI) prograll[ ofi’ti(:, 111, l} ’l)-l’s, in(iustly,  {J,ovclllnmlt,  an(i aca(lcmia, ‘1’hc
11’1)’1’ };orum is the other annual  w(]] Kslltq), illl(i  Is CO1)(ill  CICd in tl)C :11111111111, Participation in this
wolksl~o]> islil~~itc[l  tolt}I)'l`  l~lcIl~l)L>ls(  ~1ll~  ;II)li !.t)[]lc j)]op,Jal]lo  fllcc])clsolll~cl.  At this workshop
tllccllll>ll;isis  iso]ltllc  ll’l)rl’s’ roa(i II I; I]v,, iillCi( )lllJ'()ss-f cl(iiizati()ll(  )fi(ic:is: illl[)llgt llcl I)lJ'l`s.

‘J’cchnoloty Selection
Af(cl’tllc iJlltl:il  ]3]l:iscof  tcc]mo]og,y  aJI:Il~rSI\. VI ICJC a suite of l}]c.:ik[l-lt[)~lg,l~  technologies will bc
incorporated within Ihcroadma])s f~j ttl~ 11’1)”1’S tllcs]~ccif]cr  (co~]]lt~c]l(ic(itcc  ll]~ologics  will bc
subjcctcd  to a nmrc rigorous Sclc([i(l]l  i)t{):(.’ss I(OUJ iJ)(iivi(iuai  c~alu:itions  take place in the
p r o c e s s  o f  i(icntifying  tcchnologi(x  foJ (i(,tloltr]}cl~t  fo] v:~li(liilio]) fiip,i}ts,  as (icscribcci in  the
following.

Ollcctl)c ll’l)rl’s  l)ilvci(lclltific(l asrt of ]ci(ll(lti)llary  tc~hnolo{!,ics,  ti]r quc.stion as to which of
thcm should bc space-flight vali(ia[c(i rl)lI\\ lx a(i(hcsscd, ‘1’hc foliowitlg,  criteria have been
cstab]ishc(i and will bca])])li C(lrclii[i  \cto(’il(ll  lL’i]lJjO]Op,yt  (Ja Ss(>ss its value for incorporation into
NM]’ validation nights:
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in(licatc(i  in ‘1’ab]c ‘i’:
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A .  ]Inpact on 21st CCIIIUI) s{ icll(c Illissiolls ( V a l u e  ( ) - 3 )

3 (’ri(icnl  for]~~:~l]y]))isslot]s”

2 C`l-i[ic:]l f()]s()ll)cl  )lissi~llllj  ll(. \;\li[!,)l ,i]ual)lcfoj  m:IIIy

,1 \7[llllat)lc  forso]l)cl] lis~iiotl  [>[1:.
() N()sigl)ific:lt)  til]]l>:lc{ ()til(l[[ll  tll]i. \i(]l.
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1{. R e v o l u t i o n a r y  natuti  of lIItHLt}II(,u~lI (Valllc  ( ) - 3 )

3 AcoII)lIlcIclyI Icw:I[)])III.1~11 v,i[t)tll(l~r.of II I: I~m IUdC il]][)]ovc’lllcnt  i n  f:ictorsrclcvant  tomissi(m
]ifc Cycle Cosls

1-0  Al)il](’rci~]c]  lt:llil)~])to\c]ll~  ll(
——.—— . _ . . . . . . . . . . . .. ——-— - - - - - - -  _ _ _ _ _ _ _

(~. R i s k  r e d u c t i o n  by fli~:h[ ~illi(lati[,n (\’alllC’ 0 . 3 )

3 l;liglll validation is 1)()[11  I)(I:{ ~.w! ,111(1  .lifflcicnl  1[) cIIsuIr  IIIC ill(otl)ori~tiorl  of this Icchnology”

in(()  fulurc  scicncc missi~)n.

2  };liy,lll vali(lilti{)])  will si~[l]f  I,t+l]ll\ :t(tlL].  (lllcl) irc(ivc(l]isk  () fillc()ll)() rtili()r)cc)I  ]ll):lrc(l[()g  r()Llr)(l
vdli(lali(m  al(mc

1 l:lig!,lll validation will lc(ll],~.l l)(}lc-~(l,..,l]  isk () fitlc()t  [)()l<lli()l)  c()llll):[lccll  c)gr()Lln(lv aliclalic)]]
1a 01)(!

L_O  l;li~,lll  Vali(l/lli()ll  () flclsr]() :ltl\+llil it}{\  (,\(lgi()  lll)(lv~ll  i(l:lll()Il,()t  }Tlollt)(iv:lli  clalio]]is  slifficictltlo

CIISLIre future illco]l)()]:lllt)t~ III(() ,.L’iI.’II(”\ Iliiss ions———. — . . . ..- . . . . . . . . . . _________ . ——-.  —

'l'llcrl`ccllll[)l(Jgy  V:ilL]c  isol>laillc(it  )y]l][lltl~ll)i]]j  ihcillciil’i(iual  scc)]cs fl-c)]ll  tllctllrccc atcgories:

‘1’cchnology Value =  A x 1] x (

“1’his  is equivalent to a logicai  rcxlllit~’lll[tl[  Il]a all [}]]CC coll(iitions arc necessary, i.e.. it is the
over lap of  ti)c  IIIICC  at[ribu[cs Ii]a[ (ict(tlllil]ts  IIIC  pliwi(y  jor val idat ion on an NMP flight,  as
shown schematically in l;igurc  6.

f,
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l’rdiminary ‘1’ccl)n(dogy Val LIcs will tx.’ :++1/1,1 Icd tly tlIc 11’1 )’1’s to thr tl:c}lno]ogics  they propose for
fligh[, A final score will bc assi{’tlu(l  t~y t I K: i ‘t ogl am h4ana#.c.t  basc(]  on the If’] )’1’ input, and
normalized across [cams. ‘I’cch T)ol(y:ics l)] 01 Nm.1 by s(mt ccs ou(sidc IIIC 11’1)”1’s will bc evaluated
an(i assigned a ‘1’cchno]op,y  Value (li[(.~.lly  l))! th. 1’J op, r:iTr I h4anaScJ. ‘J’hc NMP Scicncc  Working
GroLlp (SWG) lncmbcrship,  inclu(ii[~~  011 IL’ III I IIb CIs  of [lIC  scicncc  con)nmnity  b r o u g h t  i n  t o
aug,nmnt  the expertise for the awo(,’ia[(’(1  fl I p III, M i 1 I a 1s0 t)c askc.d 10 pmviclc Tcchno]ogy  Value
scores fol- all thu tcchno]ogics  L]]](ICI’  (’()] I\ I (1( I al 11.)11. III ;iIIy case WIICIC.  tlIc SWG assessment is
consislcn[]y at variance with [he 11’1 )’1’ ]]ON i ):1 I i/(.i sc(ms, the ProgtalIJ  h4magc1 will work with the
11’IYI’ :u1(I SWG ~llcnlbcrs  to ]csOIVL> t))c (Ii((’1  ~]):il~y :11](1  illlivc :It it fl]lal  SCOIC.

2. Jlca(li!lcss I.lQbability

‘]’hc technologies will also bc &dll:ItLI(l  :IS [() [11 il proba})i]ity of rea(lincss for a given flight, and
thus what the probability is that, if sclc(tr(l, [1 q will bc (Iclivcl(d  (m schcdulc  and within buctgct
for intcgra[ion into the rclcval~t  v~d i(l;l[i(ll  I 1 Ii: III. ‘1’hc Rca(lil)css l’robability  is based on an
asscssnlcll[ of the tcchno]ogy  ’s lnal u] il y- -1111:1 is lIOW C1OSC it is to i[s flna! stage of dc.vclopnlcnt--
-and thus its likelihood of dc]ivcry on [~1]  IC ,.II!(I  \i ]llli~]  bud fict.

}’rcliminary Readiness l’robabi]ity \vill  t)L’ ,is\igl,l”(l  by tllc 11’1)’j’s. l)) some cases, a I;light Team
w i l l  :ill”Cdy  h:l\’C bCC1) idcn(ific(l  Iol ii 11 I I <~.io] , an(i tllcy will have the prerogative to furlhcr
invcs[iga(c the basis for these vall]cs. Afl\l to] ls~lltill[!  \\’itll  the IPl)’1’ colcacis,  the.y will finalize
the scores based on this more dciailc(l ci  :IIIIaI  IIHI. ‘1’hc R e a d i n e s s  l’lol)ability  for tcchno]ogics
proposc(lby s(mrccs  ou[si(lc thcll’l)rl’s WI, II tx ;~wi~,t)cd  by t h e  rcs])cctivc Flight “1’cam. I f  t h e
}i]ifihl  ].cads have been i(lcntificd :(1 [lIi~ ]1.~il~l, I I IL: Rca(lincss I’I obatlili[ y will bc rcasscsscd  o n c e
[hey arc brought on board.

Since individual NMP valid aticnl fliyt  It \ II 11.ISI dcf~llc  and n)cct  coI)crctc  integration and tcs[
schdu]cs,  the cffcctivc  Val LIC of a IC~UIIII[)l{)jI~  as,.ouialc(]  Wit]l a p,ivcn  f[ip,h( depends not on]y On its
“raw” “1’cchnolop,y  Value, (icfincd olm~l.. t)[l[  :IIS I ~ m {IIC ])mbabi lity that it will bc dclivcrc(l in {imc
for flight. An a(ljuslc(l  value score. lIw 1x] !c:,Ic(I  Valw. is obtai]]cd l)) IIlultiplyjng the ‘1’cchno]ogy
Value by tt Ic Rca(tinc.ss Probability:

ICxpcctd  Value :: ‘1’r(”tlll(ll(lp,y \’alllc x Readiness Probability



*

‘1’hose tcclmolog,ics  with the hif,llrsl I ,>.]}ix II.(I Valllr atc the most likely  can(iidatcs fm f l ight
cxccwti(m on NMI’ validation flip,l~[s. ‘1’;ll)l~  II sull]t)lalims lhc ]~’sl)()]]sit>ilitics  for generating
}>rclilllill:lly:  ill(ll`itliils  corcs()fi  ll(li\i(llli~l  ti(li[~(~l(~/,ics] lrol)(Jsc(lf(J l~lij!,llt  validation.

‘1’ABI.lt  11. I<llSI’C)NSI  I{ II I’1} 1“01< ASS  I(; NJN(;  ‘J’I;(:IINO1, ()[;Y S(:[)RES

r-. —— .—— -

E
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Tcchno]ogy  value
Rca(lincss l’robability
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11’1 )’J’/s\v(;
11’1)1

.-- ..— --------

.- —-. ——.
A1’1’ROV1 ~
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Pmgtam  Manager ~

1 ‘]ight  1 cad
-... -... —.— J

4. ~it]aj .Sc~l@iQfl  1’l(XGSS

After evaluating the 1 ixpc.c[cd  ValLIr of (a(1) of tl ie tcchnolosics  prqmc(l  by Ihc 11’1)’1’, the AI)T
wil l  USC these (1211:1  to gcncratc. Scl’(1 tIl 1 ( fIIIr(l CWl(li(liitC  a(lvallcc(l  tcchlK)lOgy  payload  f l igh ts
fmuscd 0]] validating the highest ptiol i[y licl~nologic s.” ‘1 ‘IIC l’I():,raII  I Manager will dctcrminc  the
optimum mix of lcchnologics  for al ]y p i \C’Ii \ ;~li(i<il ion fli:}lt  or set of flip,llts.

This final dctcrn)in;iticm  will bc baw4  01 I c~a! I IaI II I: sets of tcch!~olop,  ics matched with appropriate
potential validation flights, with Collsi(ilt;ltl.)]1  p,i~ (tl to:

i) the combjncd  Iixpcctc.d  \“adu  L’ of’1 I K’ 1 x“hn(~]op,irs iin(l t]lcil  compatibility for integration
into candidate validation lllal  [(u i 11~.

ii) funding availability }’.Y  01111  ill I Ii li:,~ion COSIS iaclu(lin~, tlmc associatc(l w i t h  t h e
dcvclopmcnt,  intcgiati{m. (~] 1- l)(I~i I d OJw  I at i(m, an(l vali(latiol]  rcqLlircmcnts  of t h e
technologies

iii) overall programmatic j’,[li(ll;lil  lc, :i]l(i (’onstraillts  in s])acuvaf(  Inass, size, p o w e r  a n d
flight schc(lulc

iv) othc] programmatic collsidc] ;It 11.)1  I\, \Nch as tlIc net scientific value of the flights, the
cost-cffcctivcncss  of  tlic J’ali(l<ilil)l)  i~lans, tlIc schc(lu]c of ])lannc.cl scicncc missions
requiring or bcncfitinc  fro] I I llK tc( I Inoloj’, i(. s, and the mlsuing benefits to the IJS
industrial infr:istructu] (’ all(i c (.J] III I Ic:r(  ial s]mcc catm pi isc.

‘1’hc final  (NI(COIIIC is a rccol~ll~~c[l(l;t(i(~j  I I I.) N/\ SA 1 IQ of a set of }iilid:iti[)~~ flig,hts  with their
associatc(l tcchno]ogy  complcmcu~[s.  A1’irl a~~wl II; it)cc by  NASA 1 IQ, 1 ‘light ‘1’cams will bc formc(l
and l;light 1 .ca(ls iclcntificd. ‘1’hcy mill ])1 {)ti(k  ii m(lIc (Ictailmi asscsslncnt  of the iatcgration  ant]
vali(iation  of the impact, cost, al)(l (IIINV ~’(l:lstraillts of the sclwtcd  technologies. If any
i]lco]ll]):itit)  ilitics emerge, they will t~t’ t)] OLIF,I  II f{ II waI d to the l’IOfWIII  Mamgcr  for rcso]ution.
‘1’hc decision proccsscs  in the tccllt ]010/ y s,l{.,.til III [)1 Iasc ate  slmvn scllc]natica]ly  in liigurc 7.
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‘J’ethnology 10ight Acccptancc
Olvx a t)l’c:lk[l)l’otlg,l)  tccl Inology  1 la~ I )(’: I 1 ill)]))  i I\TCd t)y NA,SA 11<) 101 vali(lati~~)  01] aTl NMI>
flight, there still remain two lasks ((~ CrISLII c it\ s! I(mssful  (Iclivcry  (u] SCIK+UIC  an(l withitl bu(lgct
to ilIc 1 ‘Iiflht ‘I’m n.

● ‘1’cchnology  (Yassificatim

● l’assinf, Rca(limss  Gates.

TCCII nolo~y Classif icat ion

7’lIc impact 01~ a valkhttkm fligh[ of” filil~lt c () I a t rcl]IK)loII,y  to achicvc rca(]itlcss on schcclLllc  for
flight (lcpcn(ls o]) the. nature of tl~(. tc~llllol )~’}  :11(~ its asiignc.d  IOlC in tllc  flig,ht.  ‘1’o assess  th is
impact aml clcsigmitc  the manm ill \l’1 Ii(ll t] (’ I.lc\ uloplilcnt  promss  IIlust be managc(i, wc classify
the technologies into thmc ctitc~o]  its.

CJ22~C~oIy  1: . . ...1 ls.s~!lt  ial.

‘1’cchno]ogics  in tl]is category aw cssul~liill  I(I [Ill )nissi(nl-  .-IIIc propmc(l  flight cannot  bc carriccl
out as (Icsignc(l  without this tcchnolofs. Al) (xal]lI)lc is solal electric ]no])ulsi(m (SIN)) for the first
(Iccp space flight. Without Slil>,  flytl~  01 1 iil( scl~’c[c(i  col I Ict and aslc[oi(]s cannot  bc achicvc(l  on
the (Icsignatc(t launch vchiclc.  g’hui,  fai ILII( t( 1 a(l I icvr rca(lincss  in tin  IC for flight wou](l require a
rcclcsign  of the nlission itself. in f,ctml :11, (J1]l} d luw tuchllologics  will bc sclcctccl  in this category.



Clltcgol”y  11:_ ..1 !Undallaltid

‘] ’hcsc  lcc]mo]ogks  arc fundamcmtal  il] (1 III L I)(.’ m! +iorl CaIIIIOt  bc caI’I id OLIl as clcfinc(i  wi[hoLlt  this
functional capability, bLU existing tcclIIx)lof  Ic\  UILIIC1  tw sulwti[ut(xl  if (I}c brc.akthroug,h  technology
clid IIN pass all tlIrcc. gates. Since [II(. sill) (~1 IIIC N341’  i“li~’,ilts  is to pro\ ’i(lc tcstbc(is to &monstIatc
ncw capabi]i[ics  in their full Opclalio]l;ll I III) I(> III. nlajotity  of tccl]nolo~?,ics  sclcctc(l alc cxpcctc[l to
fall into Illis category.

m~~golyl  1 l;...] mallgilfl~

“1’cchno]op,ics  in this category simj)ly CIII  I;iIIL.C  (lIc  owl  all tcchlw]ogy  value of the mission, and arc
consi(lc:c(l  cxpcrimcnts. “1’hc f(ll’ltli[)llill  (  ,I]xll)ilitics  Illcy  plovi(lc m not rcquire(t f o r  t h e
complctim of lhc mission as dcsi{?, nc(i. ;itl(i tht ]~’fot~. il they (10 1101 pass the three gates, the
mission cat) simply bc flown wit])(lut tll(~lll ‘1 ‘yl )i(al] y, tllcsc tcchno]op,ics  rcprcscnt kcy enabling
fcatLlrcs  of fLltLu’c  capabilities flown iis lJI (’CIII ‘.01’: oj t}lc flli i systcn~  calmbi]it y.

‘1’cchnologics  sclcctc(l  for flight wii i lx’ (ale:’(}t i~,,, {i by the 1 ‘light  ‘1’cal[l,

l’a.vsing  Readiness  Gates

]’rogram Mmagcmcnt  has (tcflnc(l  [1 l] lU J(;i(llt~Lsss  chcckpoin(s, or Sates throu~jh which the
technologies Inust pass on their way [(~ 1 I ip,l II iI:w. i llan(w. ‘1 ‘k tht cc gates  arc. (Icfinc(] aml (Icscribccl
bc]ow:

1. ‘1’cchno]ogy  Rca(tillcs\ I<(\’ i(\i

2. Kc.y ‘J’cchno]ogy  1 lar(iwtit (/S( If[ ~~fa i. l)CI lml\t ration

? SystC1ll  llar(iWalC/Sl.)  flL+’ill  L> I )(’111( Ilstratioll. .

1. :1 :c,cll!jolg~. J<cafj.illLs.s_R_cvjcJI’

‘1’hc first gate will consist of a \vril(cn  I LL\III:\v o I Ihc I cs])cctivc tcchnology>s  rca(tincss  state by a
peer review group, sclcctc(l  by tllc liIjIII( I’C,,IIII  1.ca(is,  who will bc experts in the fiekl of that
parlicu]ar  technology. ‘1’hc review wili c(),c I tl I ~ Sta[LIS of tt Ic tcchnoloF,y’s  (icvclopmcnt to date,
an(t the cost nccdc(t  to (lclivcr it o]) s(ll L.(iI~lc fo] inftlsio]l  il~to IIIC v;lli(lation  flight. It will also
cover the ]mposc(l  in-flight vali(lal  ion ;il II )1 t);I( I I ‘I ‘hc ‘1’c.chmloRY Rcaclincss Review will bc
Con(luctc(l  bcfol-c  or (turing t h e  Intct  ii I I ]  )C!> lj’,1) <’OIKLI1 lCJICC  ]& ViCW. ]f ihC t e c h n o l o g y
sLlccc.ssfull  y passes this gate, that is, if lilr J (.’\ i<’\’.  imlicatcs a viable plan to [icvclop aml (lclivcr the
tcclmo]o~,y  within bLlctgct  an(t on t i] I Ic, i{ \\IIll  lI)(I\(  01) to liIc. tIcxl p,atc.

2. Kc~_~l ‘cG~mml(~  1 lar(l warc]sof [ wal c I 1 1 I km \ I I atiol I

‘1’hc sccm(l gate will consist of a (icIImI  I\t  I aI iol) of tl~c kcy fcatllrcs of tllc  tcchno]ogy’s  har(lwarc
an(l/or soft\vat’c,  to (lctcrminc.  whctl]lv  tlq I 1 I(L>I l~ianllc{]  s})ccificatiol]s,  an(l wbclhcr  (lcvclopmcnt
is on schc(]u]c. This (lcmonstl at ion \IJ i I ! 1 I.’ i ol~[l~lclc(l  before 0] (l Luing the I)ctailc.cl  l)csign
~o]lcurrcncc  Review is hc](l. A rc\ric\\  yt LIU] ), C( IIlsis[il}g  of cxpcr[s ill tllc relevant tc.chno]ogy  anti
flight tcaln c.xpcl [s, will be ctcsi~,na[u(i  1)) tl~(’ 1 ii:ilt  ‘J’cam 1.cacl.

3. sys~cll) 1 l~t’’lwm/sQflwalc_l  ICl 11(11  l~lt ‘ii 1101 ~

‘1’hc third and final gate consists of a sys[(”]i  1 i(vl  i &m mns[rat  ion of tl)c tc.c]lnology’s har(lwarc ancl
soft ware. At this gate, the lcchnol(}p,y  \\ill i )( tcs!(.(1  yet a~’,ain,  to (Ictcl  J l~inc that the overall systcm
funclions  as spccific(l,  an(l whcthe] IIIC l(L(l lnl llq ) wiil nlrct i[s (Iclivlsly  (lca(llinc.  Maintaining a s
much continuity as possib]c,  the 1 li~hl ‘1’(, II ~] 1 ( it(l \\’ill i(lcntify  a 1~’\’ic\v  ~roLIp tO carry out this
final l-cvicw. ‘1’hc thir(] gate wili IN (u I l,iLl~tc, i I)cibrc Ihc sbtl  of Assembly ‘J’cst an(l ] .aunch
Opc.Lat  ions.

‘1’hc tcchno]ogy  provictcr al](i 111( 1 ii~’1 II “i CaII I  llC@i2ttC thC (’OlltCIlt  ad SChC.dLllC fOl thC

tlmc ga[cs.  A simple form will be sip)l(”(l II) I)( !tll to (io(imm[  IIIC l~cg,otiatccl  agrccmcnt.  A risk
b:ilancc  will naturally bc achicvc(i  i] 1 t I IC.(’ Ilc}otialioms”  sillcc the 1 ‘Iig,tlt Team desi res a soli(l
complement of technologies to II Iakc a \~ 01 [ I ~\vlliic all(l cxcitinf, flight, ancl the tcclmology

1 ()



providers desire 1 k l;lighl ‘1’cam  10 slIL(cs. 1’[ I Iy (Icltlojlsl[ atc their tcc)ltm]ogics.  ‘1’hc 11’1)’1’s wjll
facjlitatc tl)c (Icvc]opmcnt ancl (IcI] \Ict y oi 1 t Ii l(chl~olo{’,ics, an(l ill th:[t capacity  will pmvi(lc
a[lvancc.  (i am] tinlc]y  a(lvice  in a pJ(vt(.liw’ 1 ii:tlllt,  t 10 l}tc 1 ‘lifihl  ‘I’ca IIl, [lmlinmxl fun(ling of Ihc
technology through to (Ic]ivcry  10 th(> 1 ‘Ji}’l II ‘1’(:ln ) is c(mti]lp,cnl  (m succcssfLlll  y passing  each of the
[hrec gates. ‘1’hc (Icciskm pmccsscs in Ill{c (1~’1  ticl ) of tccl]lmlogim  fw fjighl  acccplancc  phase arc
shown schcmat i~iilly  jn 1 ;igurc 8, A su~] II 11:1 t ) of \lIc clltir{  ‘1’ccl]nology  Sclcxlion  IWwcss is shown
in l;igurc  9.

It shoul(l bc notc(l  that tllc (l((i\i{ ~]] n l:ik  i I I{’, ]m)ccsscs in tllc i(lcn[ificatim of high-priority
can(li(latc  technologies phase an(l  IIIC  tt.clII  I{Ilo/  J’ scl~c[i(m phaw alc not s[rictly scqucnti:tl  an(l
liIICill ilS in(licatcd  in this ]m3dC1.  1:01 cx[lln]  1(. ii IIIC  S[:11[ of thC first pl12iSC, thC  1} ’1)1’ areas WC~C
klcntific(l  basc(l  on :in jnitia]  asscsstllcl]l (If 1,1}, 1( ,llnology  pil~clilm. I;Y tl]c cn(l of Ihc phase, the
ranp,c  of hig,h-priority technologies i(lc]~[ill(,l  \Jy IIILI technology  cxlml-[s”in  the 11’IYI’s, or brought to
the l’rogram’s  attention by othm  SOIII ((s, 11 I;IY [:{11  f’ol” ii I“C.CX;lllliI’lill  ioI) Of thC tC:lIll a r e a s  ancl
scopes. Similarly Ihc approach t(~ t(>rl II m ojI y .\IN1 Iligllt SCI selection in the sccon(i phase js
jnhcrcnt]y  a concurrent pmccss, calli]l:~,  fk II ;![i jr~i{i:il  cvalLl:i[iorl  ati(] sabscqucj~t  CyCICS of
rcfincmcnt lca(lins, 10 a final (lccisiol~. ‘1 ‘IICS I(cilmck I(X)IN ale. omitte(l  from the fis,urcs ancl text
for sjmp]icity.  ‘
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“1’lw NCW Millennium IYograln is d(,’v(’loj]i]l~:  ::11)(1 [ ligl~t-\~iili(l:~  ti[]g, revolutionary tcchno]ogics  [o
mab]c a ncw ma in space flight, (MIC w1]L](  II IL:IL  will t)c ftcqmmt  lauI)clIcs  of low-cost, highly
capable spamcraf(.  Starting in ] 998. il \t’il  I l;tIIIII. II thl’ce  (ire]) sp:wc ai](] tl)rcc carlh orbiting
missims  (hat will [cst tcchno]op,ics Iwit){ &\I~lol ,1(I by ~ts Intcg[iitc(l  l’rmiuct I)cvc]opmcnt  Teams.
‘1’hc technologies eventually accc.pt(xl  ;II I(I d ,11 \ICI I(1 fol fli:,l)t vali(l:itioj] will bc CI1OSCJ) after being
subjcctc(l to a thtc.e-phase sclcctiol)  ])1 ott’~s,  t ,,~ c, I\[IIC tlIa( they v~ill ])] ()\’i(lc  tt)c specific capabilities
rcquirc(l for the scicncc  missions 01 (lIC IIi’}t[  fL’111  Ltt y.
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